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ABSTRACT : 

PURPOSE: To obtain the excellent brake performance and the drive 
performance on an ice snow road or a wet road surface, by arranging fine 
ribs having the angle formed between the longitudinal direction and the 
tire circumferential direction in a specific range in an arraged state in 
the tire width direction, in the grounded land part of a tread. 

CONSTITUTION: On the tread 12 of a pneumatic time 10 a circumferential 
direction groove 14 which extends in a zigzag form in the tire 
circumferential direction is farmed on a tire equator plane CL, and a 
circumferential direction groove 16 which extends in a straigt-line form 
in the tire circumferential direction is formed between the 
circumferential direction grooves 14. Further, on the tread 12, a 
plurality of lateral grooves 18 which extend in the tire width direction 
are formed in a prescribed interval, and a plurality of blocks 20 are 
dividedly formed on the tread 12. In this case, a fine rib 26 having a 
nearly rectangular shaped section is formed on the tread surface in each 
block 2. The fine rib 26 is formed within a range of the angle formed 
between the longtitudinal direction and the tire circumferential 
direction of 0-40 in the grounded part of the tread, and the width of the 
top part is set to 5μ m-2 . 0mm, height is set to 5μ m-1 . 0mm, and the 
interval between ths contiguous fine rib is set to 5μm-l . 5mm. 
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.The tyre has fine ribs which have a length-wise angle to the tyre 
circumferential direction is 0-40 deg. on a ground contact part of a 
tread and tne ribs are lined tyre width-wise. 

USE - A pneumatic tyre for icy and snowy road has a tread 
pattern . 

ADVANTAGE - The breaking performance and driving performance on 
an icy and snowy road or a wet road can be improved because water is 
caught with grooves between fine ribs and drained outer of the 
ground contact part through the groove part. 
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[There are no amendments to this patent.] 
Claims 

1. A pneumatic tire characterized by the fact that in a 
pneumatic tire having a certain tread pattern, fine ribs with an 
angle of 0-40° formed between the longitudinal direction and the 
peripheral direction of the tires are arranged at the grounded 
land part of the tread parallel with the tire width direction. 

2. The pneumatic tire of Claim 1, characterized by the fact 
that the above-mentioned fine ribs have a top width of 5 jim-2.0 
mm, a height of 5 (im-1.0 mm, and an interval of 5 jim-1.5 mm 
between adjacent fine ribs. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a pneumatic tire with a 
certain tire pattern, and in particular pertains to a pneumatic 
tire with excellent brake performance and drive p erformance on 
ice or snow-covered roads, wet road surfaces, etc. 



[Numbers in the margin indicate pagination in the foreign text.] 
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- [0002] 
Prior art 

As a method for improving the brake performance .and the 
drive performance on an ice or snow- covered road and wet road 
surface, it is important to trap snow by increasing the edges and 
horizontal grooves of the grounded land part of blocks on the 
snow, to increase the edge components by the arrangement of Saipu 
[cross-links] in the width direction on the ice, to enhance the 
drainage by increasing the groove area on the wet road surface, 
and to a water membrane by the Saipus . 

[0003] 

There is a spiked tire used in the winter in running on ice 
and snow-covered roads; however, since the spiked tire damages 
dry paved roads and generates powder dust, it causes social 
problems. Thus, a tread tire, in which the edge components are 
increased by saipus, has mainly been adopted. 

[0004] 

Problems to be solved by the invention 

On the other hand, if the grounded land part such as that of 
blocks is finely cut by more than the limit by further adding the 
horizontally grooves to increase the edge components in the width 
direction, which promotes brake performance and drive performance 
on the surfaces of ice snow road, the rigidity of the grounded 
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• land part, particularly, in the peripheral direction, is 
decreased, and brake performance and the drive performance are 
lowered. The wear resistance is also deteriorated. 

[0005] 

Also, when the saipus are increased, similarly, if the 
siphons are increased by more than the limit, the rigidity of the 
grounded land part such as blocks is decreased, and the brake 
performance and drive performance are lowered. The wear 
resistance or partial wear resistance is also deteriorated. 

[0006] 

The present invention considers the above-mentioned facts, 
and its objective is to provide a pneumatic tire that can improve 
the brake performance and drive performance, compared with 
conventional tires, on ice snow road and wet road surfaces 
without deteriorating other levels of performance. 

[0007] 

Means to solve the problems 

The pneumatic tire of Claim 1 is characterized by the fact 
that in a pneumatic tire having a tread pattern, fine ribs with 
an angle of 0-40° formed between the longitudinal direction and 
peripheral direction of the tire are arranged at the grounded 
land part of the tread parallel with the tire's width direction. 
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. [0008] 

The pneumatic tire of the invention of Claim 1 is 
characterized by the fact that the above-mentioned fine ribs have 
a top width of 5 um-2.0 mm, a height of 5 um-1.0 mm, .and an 
interval of 5 um-1.5 mm between adjacent fine ribs. 

[0009] 
Function 

If the pneumatic tire of the present invention is run on the 
ice snow road, for instance, water is generated by pressure, 
friction, etc., when a tread and ice make contact. The water, 
which is a cause of the decrease in frictional force, is 
introduced into fine grooves between the fine ribs installed on 
the foot surface of the grounded land part (for example, blocks, 
etc.) and is discharged to the outside of the grounded land part 
via the fine grooves. For this reason, the water membrane between 
the foot surface and the road surface is removed, and the ground 
characteristic with the road surface is improved. 

[0010] 

Since the fine ribs are relatively low, closely gathered, 
and arranged at an angle in a relatively small range with respect 
to the periphera l [sic; longitudinal direction] or peripheral 
direction, the rigidity in the peripheral direction of the 
grounded land part is not lowered, and the brake performance and 
drive performance on the surfaces of ice snow road are improved, 
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so that the general performance levels as a pneumatic tire are 
improved . 

[0011] 

If the interval between the adjacent fine ribs is less than 
5 urn, the water generated between the rib and the ice surface by 
the fine grooves between the fine ribs cannot be sufficiently- 
discharged, which is not preferable. If the interval is more than 
1.5 mm, the fine grooves are likely to collapse during running or 
braking, and the initial drainage effect cannot be obtained. 

[0012] 

If the height of the fine ribs is less than 5 urn, the water 
generated between the rib and the ice surface cannot be 
sufficiently discharged, which is not preferable. If the height 
is more than 1.0 mm, the cleanability o f a mold fnr the pneumatic 
t ire is*Towered_, and the rigidity of the foot surface is lowered 
too much when the tire runs on a dry road surface, which is not 
preferable . 

[0013] 

If the width of the fine ribs is less than 5 ^m, the fine 
grooves are likely to collapse and the initial drainage effect 
cannot be obtained, which is not preferable. If the width is more 
than 2.0 mm, the number of fine grooves is excessively decreased 
and the drainage effect cannot be obtained. 



[0014] 



If the arrangement angle of the fine ribs with respect to 
the tire equator plane is less than 40° , the drainage effect of 
the fine grooves is lowered, which is preferable. Accordingly, 
the angle is set as small as 40° or less. 

[0015] 

Application examples 
Application Example 1 

A first application example of the pneumatic tire of the 
present invention is explained using to Figures 1-3. 

[0016] 

As shown in Figure 1, in a tread 12 of a pneumatic tire 10 
(a tire size of 195/65R15) of this application example, 
peripheral grooves 14 extending in a zigzag shape in the 
peripheral direction of the tire (arrow S direction) are 
installed on a tire equator plane CL and at both sides in the 
tire width direction (arrow W direction) of the tire equator 
plane CL. Furthermore, peripheral grooves 16 extending in a 
straight line in the peripheral direction of the tire are 
installed between the peripheral grooves 14 and 14. 



[0017] 
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Furthermore, in the tread 12, several horizontal grooves 18 
extending in the tire's width direction are installed at a 
prescribed interval in the peripheral direction of the tire; 
several blocks 2 0 are formed in the tread 12 by these several 
horizontal grooves 18 and the above-mentioned peripheral grooves 
14 and 16. 

[0018] 

The pneumatic tire 10 of this application example is used as 
a studless tire for winter, and the tread rubber," which forms the 
tread 12, has a hardness (0°C, JIS-A) of 50°, a loss coefficient 
tan 6 (peak position) of -45°C, and a dynamic elastic modulus 
(-20°C, 0.1% strain) of 180 kgf/cm 2 . 

[0019] 

Also, when the tread rubber is used as a studless tire for 
winter, preferably the hardness (0°C, JIS-A) is 40-68°, the loss 
coefficient tan 5 (peak position) is -30°C or less, and the 
dynamic elastic modulus (-20"C, 0.1% strain) is 300 kgf/cm 2 or 
less . 

[0020] 

If the hardness of the tread rubber is less than 40°, said 
tread rubber is too soft and the wear resistance is inferior. If 
the hardness is higher than 68°, since the tread rubber is too 
hard, the contact area with the surface of the ice snow road is 
reduced, so that the brake performance and the drive performance 
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are inferior. Also, if the loss coefficient tan 6 (peak position) 
is -30° or less, since the tread rubber is too rigid, the contact 
area is reduced, so that the brake performance and drive 
performance are inferior. Furthermore, if the dynamic elastic 
modulus is higher than 300 kg/cm 2 , since it is too rigid on the 
surface of the ice snow road, the contact area is reduced, so 
that the brake performance and drive performance are inferior. 

[0021] 

On the other hand, it is preferable for the peripheral 
grooves 14, peripheral grooves 16, and horizontal grooves 18 to 
have a groove depth of 8 mm or more and a groove width of 3 mm or 
more in terms of drainage and service life, and the negative rate 
of the foot surface of the tread 12 is preferably 25-65% in terms 
of drainage and rigidity of the block 20. 

[0022] 

Here, if the groove depth is less than 8 mm and the groove 
width is less than 3 mm, the drainage cannot be sufficiently 
exerted by the grooves. If the negative rate [unconfirmed 
translation] is less than 25%, the drainage is lowered; if the 
negative rate is more than 65%, since the block 20 as the 
grounded land part is decreased and the rigidity is lowered, the 
brake performance and drive performance are sometimes lowered; 
the wear resistance is also deteriorated. 
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- [0023] 

On the foot surfaces of these blocks 20, saipus 22 extending 
in the tire width direction (arrow W direction) are installed. 

[0024] 

Also, fine ribs 26 are installed on the foot surfaces of the 
blocks 20. The fine ribs 26 of this application example are 
extended along the peripheral direction of the tire, arranged 
over the entire foot surface of the block 20 at a prescribed 
interval parallel with the tire's width direction, and arranged 
in all the blocks 20. 

[0025] 

As shown in Figure 2, the fine ribs 26 of this application 
example exhibit an approximately rectangular sectional shape; as 
shown in Figure 3, the height H is 30 um, the top width W is 150 
um, and the interval T between the adjacent fine ribs 26 is 100 
Urn. Also, the side surface 26A of the fine ribs 26 is tapered so 
that it is eas ily pulled o u t of a mold f or molding the pneumatic 
tire 10. 

[0026] 

Here, the height H of the fine ribs 2 6 is 5 um-1.0 mm, 
preferably 20-300 um. The top width W is 5 um-2.0 mm, preferably 
20 um-1.5 mm. Also, the interval T between the adjacent fine ribs 
26 is 5 um-1.5 mm, preferably 10 um-1.0 mm. 
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[0027] 

If the height H is lower than 5 \xm, the water generated from 
the rib and the ice surface cannot be sufficiently discharged. If 
the height is higher than 1.0 mm, the cleanability of the mold 
for molding the pneumatic tire 10 is lowered and the rigidity of 
the foot surface is excessively lowered when the tire runs on a 
dry road surface, so that the movement performance is lowered. 

[0028] 

If the interval T is less than 5 jam, the water generated 
between the rib and the ice surface cannot be sufficiently 
discharged. If the interval is more than 1.5 mm, the grooves 
formed by the fine ribs 26 are likely to be collapsed during 
running or braking, and the initial effect cannot be obtained, 
which is not preferable. 

[0029] 

Furthermore, if the 'top width W is less than 5 |am, the fine 
grooves are collapsed, so that the drainage effect cannot be 
obtained. If the top width is more than 2.0 mm, the number of 
fine grooves is excessively decreased, so that the drainage 
effect cannot be obtained. 
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[0030] 

Here, the traction edge component density (TED) (= T. Total 
Edge/{(1 - Neg . Rat io) -Contact WD}-- where T. Total Edge is a value 
obtained by dividing the total of the components in the width 
direction (projection length to the surface perpendicular to the 
tire equator plane) of the edges of the foot surface (block 20 in 
this application example) of the grounded land part within 1 
pattern pitch by the total of the component in the width 
direction of the saipus arranged on the foot surface of the 
above-mentioned grounded land part by said pitch length; 
Neg. Ratio is the negative rate of the tread foot surface part; 
and Contact WD is the ground width when a tire is mounted on a 
regular rim, the regular internal pressure is used, and a regular 
load is applied- -of the pneumatic tire 10 of this application 
example is 0.21 (1/mm) . 

[0031] 

The traction edge density is preferably 0.15-0.25 (l/mm) . 
[0032] 

If the traction edge component density is less than 0.15 
(1/mm) , the edge component is deficient and the brake performance 
and drive performance on surfaces of the ice snow road are 
inferior. If the density is larger than 0.25 (1/mm), the rigidity 
of the block 20 is excessively lowered, which is not 
preferable in terms of wear resistance, driving stability, etc. 
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[0033] 



Here, no fine grooves are included in the traction edge 
component. Also, the fine ribs 26 can be obtained by forming the 
fine grooves on the inner surface of the mold for vulcanizing and 
molding the pneumatic tire 10 by cutting, discharging, etching, 
etc . 



[0034] 



Also, the fine ribs 26 can be formed in the tire after 
molding or formed in tire provided for running in which the 
surface is worn to some degree; in such a tire, the fine ribs 26 
can be obtained by forming the fine grooves by buffing the 
surface using a knife cutter, paper file, etc. 



[0035] 



Next, the operation of the pneumatic tire 10 of this 
application example is explained. If the pneumatic tire 10 is run 
on ice snow road, water is generated by pressure, friction, etc., 
when the tread 12 and the ice or snow make contact. Since the 
water, which is a cause of the decrease in the frictional force, 
is introduced into the fine grooves between the fine ribs 2 6 
installed on the foot surface of the block 20 and discharged to 
the peripheral grooves 14 and 16 and the horizontal grooves 18 
via the grooves, the water membrane between the foot surface and 
the road surface is removed. 
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. [0036] 

For this reason, in the pneumatic tire 10 of this 
application example, compared with the tire in which the fine 
ribs 26 are not formed on the foot surface, the brake performance 
and the drive performance on the surfaces of ice snow road are 
improved, and the wettability is improved on wet road surfaces by 
the drainage effect of the grooves between the fine ribs 26. In 
other words, the present invention can be applied to tires other 
than the tread type. 

[0037] 

Furthermore, for studless tires, when independent foams are 
formed on the tread by mixing the rubber material of the tread 
with a foaming agent, since the independent foams are difficult 
to form on the tread surface in contact with the vulcanizing mold 
and a smooth skin layer is formed (not shown in the figure) , a 
sufficient performance on the ice is difficult to obtain at the 
initial stage of its use, compared with the tire in which the 
independent foams are exposed to the surface. However, according 
to the present invention, the problem can be solved by removing 
the above-mentioned skin layer by inured running - 

[0038] 

Application Example 2 

A second application example of the present invention is 
explained using Figures 4 and 5. This application example is a 
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modified example of the first one. The same symbols are given to 
the same parts as the first application example, so their 
explanation is omitted. 

[0039] 

As shown in Figures 4 and 5, horizontal fine auxiliary 
grooves 2 8 for increasing the amount of water introduced are 
formed in the blocks 20 of the pneumatic tire 10 of this 
application example. 

[0040] 

As shown in Figure 5, the horizontal fine auxiliary grooves 
28 extend in the tire width direction so that they cross the fine 
ribs 26, and both ends are opened at the side walls of the fine 
ribs 26. 

[0041] 

The horizontal fine auxiliary grooves 28 are arranged at a 
prescribed interval in the peripheral direction, and the 
horizontal fine auxiliary grooves 28 formed in the fine grooves 
26 in contact with the tire width direction (arrow W direction) 
are mutually arranged with a certain phase difference in the 
peripheral direction. The horizontal fine auxiliary grooves 28 of 
this application example have a groove width w of 0.1 mm, a 
groove depth of 3 0 p,m, and a peripheral arrangement pitch P of 
1 . 0 mm . 
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' [0042] 

In the horizontal fine auxiliary grooves 28, since water can 
be introduced if at least one end is opened at the side walls of 
the fine ribs 26, both ends may not be necessarily opened at the 
side walls of the fine ribs 26, Also, the horizontal fine 
auxiliary grooves 28 may be extended in the direction across the 
fine ribs 26 and may not be necessarily extended in the tire 
width direction. 

[0043] 

In the pneumatic tire 10 of this application example, the 
introduction of water is further effectively achieved by the 
arrangement of the horizontal fine auxiliary grooves 28, and the 
water membrane can be reliably removed. Also, since the 
horizontal fine auxiliary grooves 28 are arranged with a phase 
difference in the peripheral direction in a state in which they 
are adjacent to each other in the tire width direction, the 
amount of water introduced into each horizontal fine auxiliary 
groove 28 is made even, making the introduction of water most 
effective. Thus, the brake performance and drive performance on 
the surfaces of ice snow road are further improved. 

[0044] 

The groove width w of the horizontal fine auxiliary grooves 
28 is preferably 5 jam-1.5 mm, and the groove depth of the 
horizontal fine auxiliary grooves 28 is 5 ^m-1.0 mm. If the 
groove width w of the horizontal fine auxiliary grooves 28 is 
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less than 5 nm, the water introduction effect is reduced. If the 
groove width is more than 1.0 mm, the movement performance on a 
dry road surface is lowered. 



[0045] 



If the groove depth of the horizontal fine auxiliary grooves 
2 8 is less than 5 urn, since the amount of water being introduced 
is decreased, the effect of the horizontal fine auxiliary grooves 
28 installed disappears. On the other hand, if the groove depth 
is more than 1.0 mm, the cleanability of the vulcanizing mold 
used molding the pneumatic tire 10 and the movement performance 
on the dry road surface are lowered. 



[0046] 

The peripheral arrangement pitch P of the horizontal fine 
auxiliary grooves 28 is preferably 5 um-1.5 mm. If the peripheral 
arrangement pitch P of the horizontal fine auxiliary grooves 28 
is less than 5 urn, the length of one fine rib 26 is excessively 
shortened and the rigidity of the fine ribs 26 is lowered. On the 
other hand, if the peripheral arrangement pitch P is more than 
1.5 mm, since the amount of water being introduced is decreased, 
the effect of the horizontal fine auxiliary grooves 28 installed 
disappears . 



18 



[0047] 

Application Example 3 

A third application example of the present invention is 
explained according to Figure 6. 

[0048] 

As shown in Figure 6, three peripheral grooves 30 extending 
in a straight line in the peripheral direction of the tire are 
furnished in the tread 12 of the pneumatic tire 10 of this 
application example. One is arranged on the tire's equator plane 
CL, and the other two are arranged at a prescribed interval at 
both sides in the width direction of the tire's equator plane CL. 

[0049] 

Horizontal grooves 32 in a straight line inclined at a 
prescribed angle in the right upward direction with respect to 
the tire width direction are arranged in the tread 12 of the left 
side of the tire's equator plane CL as a boundary; 
the horizontal grooves 32 in a straight line inclined at a 
prescribed angle in the left upward direction with respect to the 
tire width direction are arranged in a left and right symmetric 
position with respect to the tire's equator plane CL as a 
symmetric axis in the tread 12 of the right side of the tire 
equator plane CL as a boundary. Several blocks 2 0 with a 
parallelogram shape divided by the peripheral grooves 30 and the 
horizontal grooves 32 are formed in the tread 12 . 
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- [0050] 

In each block 20, the fine ribs 26 inclined at an angle 9 
measured from the obtuse side with respect to the peripheral 
direction (arrow S direction) of the tire are mutually formed in 
parallel at a prescribed interval. The fine ribs 26 formed in the 
left block 20 of the tire equator plane CL as a boundary are 
inclined at an angle 0 in the right upward direction with respect 
to the peripheral direction of the tire, and the fine ribs 26 
formed in the right block 2 0 of the tire equator plane CL as a 
boundary are inclined at an angle 9 in the left upward direction 
with respect to the peripheral direction of the tire. The fine 
ribs 26 are arranged in a substantially A [Japanese ha letter] 
shape at both sides, in which the tire equator plane CL is 
interposed, in view of entire tread pattern. 

[0051] 

Also, the fCaipu^22^xtending in the tire width direction is 
formed at both sides in each block 20. 

[0052] 

In the pneumatic tire 10 shown in Figure 6, the brake 
performance and drive performance on the ice snow road and wet 
road surfaces are improved by the operation of the fine ribs 26. 
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[0053] 

Also, where the tire has a certain directivity, the fine 
ribs 26 are arranged in a substantially /\ letter shape as shown 
in Figure 6 at both sides, in which the tire equator -plane CL is 
interposed, in view of entire tread pattern. In addition, the 
fine ribs 26 may also be arranged by inclining in the direction 
opposite to that shown in Figure 6 so that a reverse A letter 
shape is exhibited. Furthermore, many fine ribs 26, as shown in 
Figure 7, may also be arranged in parallel in one block column so 
that a reverse \/ shape or a /\ shape is formed; also at both 
sides in which the tire equator plane CL is interposed, a slight 
phase difference may also be given in the peripheral direction of 
the tire. 

[0054] 

The fine ribs 26 may also be inclined in the same direction 
in one block column extending in the peripheral direction as 
shown in Figure 6; however, they may also be inclined in a 
direction opposite to that of the fine ribs 26 of the adjacent 
block column. 

[0055] 

Also, the inclination angle 0 of the fine ribs 26 is not 
necessarily constant in the entire block 20; the angle may also 
be changed over the block column. For example, as shown in Figure 
8, when there are six block columns, when the inclination angle 
of the fine ribs 26 of the block columns of the tire equator 



.plane CL side is Q lt the inclination angle of the fine ribs 26 of 
the block columns of the outside in the tire width direction is 
9 2 , and the inclination angle of the fine ribs 26 of the block 
columns of the outermost side in the tire width direction is 0 3 , 
such that 0! < 02 < 63- 

[0056] 

Also, when the fine ribs 26 are inclined in the peripheral 
direction of the tire, the angle 0 of the fine ribs 26 measured 
from the obtuse angle side is preferably 0-40°. 

[0057] 

Furthermore, the angle 0 of the fine ribs 26, as shown in 
Figure 9, may also be substantially continuously changed in a 
range of 0-40° in one block 20, and may also be changed in a step 
arrangement. Also, if most of the fine ribs 26 are inclined at a 
relatively small angle with respect to the peripheral direction 
of the tire, the effect is exerted; also, the shape may take any 
form. 

[0058] 

Also, if the angle 0 with regard to the peripheral 
direction of the tire of the fine ribs 26 is more than 40°, the 
drainage effect of the grooves formed between said ribs 26 is 
lowered. Accordingly, the angle is as relatively small as 40° or 
less . 
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0059] 

The fine ribs 2 6 are arranged in parallel in one block 20; 
in addition they may also be arranged in a cross shape, as shown 
in Figure 10. 

[0060] 

As shown in Figure 11, needless to say, the fine ribs 26 may 
also be arranged with an inclination turned the peripheral 
direction of the tire, and the horizontal fine auxiliary grooves 
28 may also be installed. 

[0061] 

Application Example 4 

A fourth application example of the present invention is 
explained according to Figure 12 . 

[0062] 

As shown in Figure 12, a base rubber layer 34 is arranged 
inside in the tire's diameter direction in the tread 12 of the 
pneumatic tire 10 of this application example; an intermediate 
rubber layer 36 on base rubber layer 34 and constituting the main 
component provided during running is arranged outside in the 
tire's radius direction. Furthermore, a coating rubber layer 38 
is arranged the tire's radius direction outside the intermediate 
rubber layer 36. 
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[0063] 

At the least, the rubber composition is different between 
the coating rubber layer 38 and the adjacent intermediate rubber 
layer 36, and the thickness is 0.3-1.0 mm. 
[0064] 

The hardness (JIS-A) of the coating rubber layer 38 is 
preferably smaller than that of the intermediate rubber layer 36, 
with 5-20° smaller being preferable. 

[0065] 

Its purpose is to avoid manufacturing flaws such as baring 
generatio n due to the rubber inad equ ate flow du ring the tire 
vulcanization. In other words, it is necessary for the rubber to 
follow the vulcanizing mold for forming the fine ribs 26, with 
soft rubber being arranged as a coating rubber layer. 

[0066] 

If the thickness is less than 0.3 mm, the manufacturing 
flaws are not likely to be avoided due to the volume shortage. On 
the other hand, if the thickness is more than 1.0 mm, it takes 
time to expose the intermediate rubber layer 36, and the initial 
movement performance is likely to be lowered, which is not 
preferable . 



[0067] 



Also, in order to avoid the manufacturing flaws, the 
hardness is similarly decreased by 5° or more, compared with the 
intermediate rubber layer 36; it is preferably small, in a range 
of 2 0° or less, to maintain the brake and drive performance 
levels on dry and wet roads. 

[0068] 

Also, in the coating rubber layer 38, a third component of 
an organic and/or inorganic substance with a hardness higher than 
that of rubber may be added to increase the frictional force with 
respect to the road surface. As detailed examples of the third 
component, micropowders such as THE powder of a tomato shell, 
polyamide short fibers, and resins can be mentioned. When the 
third component has a long shape such as that of fibers, the main 
direction is preferably substantially parallel with the 
peripheral direction of the tire. 

[0069] 

With the addition of the third component of the organic or 
inorganic substance, the brake and drive performance levels at 
the initial stage on the ice snow road can be raised. When the 
third component has a long shape such as that of fibers, if it is 
oriented in the peripheral direction of the tire, the fine ribs 
can be formed, so that the drainage effect of initial stage of 
the wear can be raised. 
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- [0070] 

Also, as the intermediate rubber layer 36, the rubber to 
which the foamed rubber layer or the third component of the 
organic or inorganic substance is added may also be used. 

[0071] 

Test Example 1 

In order to investigate the effects of the present 
invention, three kinds of pneumatic tires (a tire size of 
195/65R15 and an internal pressure of 2.0 kg/cm 2 ) - -consisting of 
application example tire A (pneumatic tire of the first 
application example shown in Figure 1) , application example tire 
B (pneumatic tire of the second application example shown in 
Figure 4) , and conventional tire A without fine ribs (tire in 
which the fine ribs were removed from the pneumatic tire of the 
first application example shown in Figure 1) --were prepared. 
Qualities such as the grip level, controllability, and brake 
distance on pressurized snow-covered road (skating-rink test ) 
and dry performance and the wet performance on ordinary roads 
were tested. In the test, a tire was mounted on an automobile 
with a displacement of 1500 cc; each testing method and testing 
condition are as follows. The test results are shown in the 
following Table I by indices in which the conventional example 
tire A is assumed as 100. 



[0072] 



Testing methods and testing conditions 

Grip level on pressurized snow-covered road: It is evaluated 
by the feeling of a test driver after running the tire on the 
pressurized snow-covered road (in a skating-rink state, with an 
air temperature of -7 to -10°C and a road surface temperature of 
-6 to -10°C) . It is shown that the greater the numerical value, 
the higher the grip level . 

[0073] 

Controllability on pressurized snow-covered roads: When the 
tire is run on a pressurized snow-covered roads, the handling 
characteristic is evaluated by the feeling of the test driver. It 
is shown that the greater the numerical value, the better the 
controllability. 

[0074] 

Brake distance on pressurized snow-covered road: The brake 
distance is measured. It is shown that the smaller the numerical 
value, the shorter the brake distance. 

[0075] 

Dry performance on ordinary roads: The driving stability is 
evaluated by the feeling of the test driver. It is shown that the 
greater the numerical value, the better the dry performance. 
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[0076] 

Wet performance on ordinary roads: The driving stability on 
wet roads (water level 2.0 mm) is evaluated by the feeling of the 
test driver. It is shown that the greater the numerical value, 
the better the wet performance. 

[0077] 

Table I 
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Key: 1 Application example tire A 

2 Application example tire B 

3 Conventional example tire A 

4 Tread rubber hardness (0°C, JIS-A) 

5 Loss of efficient tank 8 peak position 

6 Dynamic elastic modulus (-20°C, 0.1% strain) 

7 Fine rib 

8 Top width W 

9 Height H 

10 Interval T 

11 Groove depth of the horizontal fine auxiliary groove 

12 Groove width of the horizontal fine auxiliary groove 

13 Peripheral arrangement pitch P of the horizontal fine 
auxiliary groove 

14 Traction edge density 

15 Pressurized snow-covered road 

16 Grip level 

17 Controllability 

18 Brake distance 

19 Ordinary road 

2 0 Dry performance 

21 Wet performance 

22 50° 



[0078] 



Test Example 2 

Furthermore, in order to investigate the effects of the 
present invention similarly to the above-mentioned Test Example 
1, three kinds of pneumatic tires (a tire size of 195/65R15 and 
an internal pressure of 2.0 kg/cm 2 ) - -consisting of the 
application example tire C (pneumatic tire of the third 
application example shown in Figure 6) , application example tire 
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-D (pneumatic tire of the application example shown in Figure 11) , 
and conventional tire B without fine ribs (tire in which the fine 
ribs were removed from the pneumatic tire of the third 
application example shown in Figure 6) --were prepared and tested 
similarly to the above-mentioned Test Example 1. 

[0079] 

The testing results are shown in the following Table II by- 
indices in which the conventional example tire B is assumed as /7 
100. 



[0080] 



Table II 
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Key: 1 Application example tire C (Figure 6) 

2 Application example tire D (Figure 11) 

3 Conventional example tire B 

4 Tread rubber hardness (0°C, JIS-A) 

5 Loss coefficient tank 5 peak position 

6 Dynamic elastic modulus (-20°C, 0.1% strain) 

7 Fine rib 
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8 


Top width W 




9 


Height H 




10 


Interval T 




11 


Inclination angle 0 




12 


Groove depth of the horizontal 


fine auxiliary groove 


13 


Groove width of the horizontal 


fine auxiliary groove 


14 


Peripheral arrangement pitch P 
auxiliary groove 


of the horizontal fine 


15 


Traction edge density 




16 


Pressurized snow-covered road 




17 


Grin level 




18 


Controllability 




19 


Brake distance 
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Ordinary road 
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Dry performance 
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Wet performance 
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[0081] 

From the testing results of the above-mentioned Tables I and 
II, it is apparent that in the pneumatic tires (application 
example tires A, B, C, and D) to which the present invention is 
applied, the performance on the pressurized snow-covered roads 
and the wet performance on the ordinary roads are improved 
without decreasing the other levels of performance. 

[0082] 

Effect of the invention 

As explained above, according to the pneumatic tire of the 
present invention, since water is a cause of the decrease in the 
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frictional force and is introduced into the grooves between the 
fine ribs and discharged to the outside of the grounded land part 
via said grooves, the brake performance and drive performance on 
the surface of ice snow road or wet road surfaces are improved, 
and the overall performance as a pneumatic tire is achieved. 

Brief description of the figures 

Figure 1 is a plane view showing a tread of the pneumatic 
tire of the first application example of the present invention. 

Figure 2 is a cross section showing line 2-2 of the block 
shown in Figure 1 . 

Figure 3 is an enlarged cross section showing fine ribs 
shown by arrow A in Figure 2 . 

Figure 4 is a plane view showing a tread of the pneumatic 
tire of the second application example of the present invention. 

Figure 5 is an enlarged cross section showing the block 
shown in Figure 4 . 

Figure 6 is a plane view showing a tread of the pneumatic 
tire of the third application example of the present invention. 

Figure 7 is a plane view showing a tread of the pneumatic 
tire of another application example of the present invention. 

Figure 8 is a plane view showing a tread of the pneumatic 
tire of another application example of the present invention. 

Figure 9 is a plane view showing a tread of the pneumatic 
tire of another application example of the present invention. 

Figure 10 is a plane view showing a tread of the pneumatic 
tire of another application example of the present invention. 

Figure 11 is a plane view showing a tread of the pneumatic 
tire of another application example of the present invention. 
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Figure 12 is a cross section showing a block of the 
pneumatic tire of the fourth application example of the present 
invention. 

Explanation of symbols: 

10 Pneumatic tire 

12 Tread 

20 Block 

2 6 Fine rib 




Figure 1 

Key: 10 Pneumatic tire 
12 Tread 
20 Block 

26 Fine rib (peripheral rib) 
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Figure 10 
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